This problem was solved by Husek, [3] [4] [5] [6] who developed rapid derivatization procedures based on the treatment of amino acids with chloroformates.
Quince is the fruit of a deciduous tree of the Rosaceae family, Cydonia oblonga Miller. This fruit is too acid, astringent, and tough to be consumed fresh. However, it can be consumed when cooked or processed as jam or jelly, two food products with long tradition in Portugal. Quince jam is homemade or industrially manufactured, by boiling a mixture of sugar and quince puree until a convenient texture is obtained (usually to reach 65 -72˚Brix). When quince production is scarce, industry manufacturers are tempted to adulterate quince jam by adding apples and/or pears due to their low cost.
For quince fruit and its derivatives, few studies have been developed. In 1979 and 1986, the volatile constituents of quince fruit were analyzed by GC/MS. 7, 8 Later, the usefulness of phenolic compounds in the determination of genuineness of quince puree, 9 jam 10,11 and jelly 12 has been reported. Glucosides of procyanidin polymers have been previously identified in this fruit 13, 14 and, recently, it was possible to discriminate quince pulp and peel by the analysis of phenolic compounds in quince fruit. 15 In 2002, an HPLC/UV method was developed for the determination of organic acids in quince fruit and its jam. 16 As far as we know, there is no study about amino acids composition of quince fruit and jam. So, once all fruits show a typical free amino acids pattern, 1 the aim of the present study was to develop an GC analytical technique for the qualitative and quantitative analysis of free amino acids in quince fruit (pulp and peel) and jam.
Experimental

Samples and standards
The L-amino acids and the internal standard (L-pchlorophenylalanine) were all from Sigma (St. Louis, MO, USA).
Ethyl chloroformate (ECF) was from Aldrich (Steinheim, Germany) and pyridine from Fluka (Neu-Ulm, Germany). All other chemicals were of analytical grade from several suppliers.
Healthy quince fruit samples were collected in Northern Portugal. The fruits were separated into pulp and peel. Each part of the fruit was cut into thin slices and freeze-dried.
Lyophilizations were carried out using a Labconco 4.5 apparatus (Kansas City, MO). Quince jam samples were purchased on the Portuguese market.
SPE cartridges
The benzenesulfonic SCX Spe-ed SPE cartridges (200 mg; 3 mL) were obtained from Applied Separations (Allentown, USA).
Extraction of free amino acids
Each sample (ca. 1.5 g for freeze-dried quince pulps and peels and 5 g for quince jams) was thoroughly mixed with 3 × 25 mL of acid water (pH 2.2 with HCl 0.1 M), at room temperature, with magnetic stirring for 3 × 10 min. The extracts were gathered, filtered and passed through a SCX cartridge, previously conditioned with 10 ml of methanol and 10 mL of HCl 5 mM. The amino acids were eluted with a mixture of ammonia (4 M) and methanol (50:50 v/v) (3 × 500 µL). To each extract, 150 µL of L-p-chlorophenylalanine solution (10 µL/mL) (internal standard) were added. The obtained solutions were dried under N2 stream and kept below 0˚C until derivatization.
Derivatization procedure
The derivatization was achieved as previously reported. [3] [4] [5] [6] Each dried residue was dissolved in 60 µL of water and 40 µL of ethanol/pyridine (4:1); 5 µL ECF were added and the sample was vortex mixed (3 -5 s). Gas evolution (carbon dioxide) usually occurs. Five minutes later, 150 µL of dichloromethane and ca. 0.01 g of NaCl were added and the vial was thoroughly shaken for extraction of the derivatives into the organic layer. This phase was transferred into a 200 µL insert adjustable to the liquid sampler vials. About 1.5 µL was injected into the gas chromatographic system.
GC analysis
Separation of L-amino acids was achieved by gas chromatography, carried out with a Chrompack CP 9001 instrument (Chrompack, Middelburg, The Netherlands) equipped with a flame ionization detector (FID), and an automatic liquid sampler (CP-9050, Chrompack). The injector was kept at 250˚C and the detector at 280˚C. The GC was equipped with electronic pressure control allowing programmable gas pressure during the chromatographic run. Helium as carrier gas was used with the following pressure program: increase from initial 50 kPa to 70 kPa. A CP-Sil 19 CB (10 m × 0.25 mm i.d.) wcot fused-silica capillary column (Varian) was used with the following temperature program: increase from 140˚C (1 min hold) to 280˚C, at 40˚C/min. The compounds were identified by their retention times and chromatographic comparison with authentic standards. Quantification was based on the internal standard method using L-p-chlorophenylalanine.
Results and Discussion
Extraction method and SPE purification
The extraction method was studied, based on published methodologies applied to other matrices 1, 2, 17, 18 (fruit juices and jams, honeys and coffee beans), in order to obtain the highest recoveries and cleaner chromatograms. Acid water 1 provided the best recoveries (data not shown).
In order to remove interference compounds, a strong cation exchange (SCX) Solid-Phase Extraction (SPE) purification step was needed.
With the purpose of eliminating any disturbance compounds, after charging the sample solution to the cartridge, we have tried to wash the SCX cartridge with water and with acid water (pH 2.2). We have observed that better recoveries were obtained without washing the cartridge. It seems that some losses of amino acids occurred during the washing step.
The addition of internal standard was tested before and after the SCX step. When the internal standard was added after SPE purification, more accurate results were obtained.
Derivatization procedure
Since none of the amino acids is volatile enough for direct GC analysis, it is necessary to transform them into volatile derivatives. The chosen amino acids derivatization procedure with ethyl chloroformate is unique in rapidity, although one drawback is the inability to determine arginine, as already described by Husek. [3] [4] [5] [6] Not all reactive groups in the amino acids are altered by action of the reagent. The imino group of arginine remains untouched, which is the reason for absorption of this amino acid derivative in the column. [3] [4] [5] [6] For the determination of arginine, an additional reaction step would be necessary or, alternatively, its conversion into ornithine by arginase before derivatization. 18 
GC analysis
Separation of twenty-one amino acids was achieved by gas chromatography, with an analysis time of only 6 min, with good resolution, and low reagent and instrumentation costs.
Analytical curves and detection limits
Calibration curves were determined after subjecting standards to the same total procedure in order to compensate the losses during extraction, SPE clean-up and derivatization steps. Under the assay conditions described, a linear relationship between the concentration of amino acids and the FID response was obtained in the tested range. The correlation coefficient for the standard curves invariably exceeded 0.99, for all the compounds. The detection limit values were calculated as the concentration corresponding to three times the standard deviation of the background noise, and the values obtained ranged from 0.004 to 0.115 µg/mL ( Table 1) .
Validation of the method
This method was specially developed for the determination of amino acids in quince jams, fruit products with high amounts of sugar and other interfering compounds, some of them produced during thermal processing. Since quince pulps and peels are less complex matrices, the developed technique was also applied to them (we only tested the accuracy of the procedure for these matrices).
The free amino acids from quince fruit (pulp and peel) and quince jam samples were analyzed by the proposed technique in order to validate this procedure and to assess its applicability to the routine free amino acid analysis of these food products (Table 2) . Typical chromatograms obtained with quince pulp, peel and jam samples are represented in Figs. 1, 2 and 3 are shown in Table 3 . The precision of the analytical method was evaluated by measuring the peak chromatographic area of amino acids six times on the same quince jam sample. The analytical method is precise, once the coefficients of variation of free amino acids were low (between 0.25 and 5.22%) ( Table 4) .
The reproducibility of the method was evaluated by the calculation of the coefficient of variation for each free amino acid of six repeated extractions of the same quince jam sample. Considering that we are dealing with food matrices with low free amino acids content, in a general way, we found that the coefficient of variation values were low (Table 5 ) and the method is reproducible. For the cases where coefficients were higher, they, generally, correspond to the amino acids that were present in very low amounts, such as methionine. However, no linear relation between the content and the coefficient of variation was observed, but in a general way coefficients higher than 6.5 were found for amino acids in amounts below 5 µg/kg.
The accuracy (% recovery) of the procedure was evaluated in triplicate using the same quince fruit (pulp and peel) and quince jam samples spiked with known standard amounts. Generally, the recovery values were high (Tables 6, 7 and 8), which demonstrates the effectiveness of the extraction and the accuracy of the method.
In conclusion, the proposed GC/FID procedure for free amino acid profile determination is simple, sensitive, reproducible and accurate. This method has the main advantage of being very rapid, especially in terms of derivatization process and run time, which makes it suitable for routine analysis of amino acids in quality control determinations of quince jam and fruit. Its only limitation is the inability to determine arginine.
In future studies, we will apply this method in the determination of free amino acid profiles of quince jams of several homemade and commercially available samples, quince fruits (pulps and peels) from several geographical origins of Portugal, during three consecutive years, in order to test if this pattern can be useful in the evaluation of quince jam authenticity.
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